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Summary
Objective: Reconstruction of a knee damaged by cement packed to cure a giant-cell tumor is sometimes difficult. We reconstructed such a
knee by removal of the cement, autologous bone transplantation and distraction osteogenesis using the Ilizarov apparatus. In this paper the
results 29 months after the salvage surgery are given.
Patient and Methods: We saw a 31-year-old woman’s knee joint that showed osteoarthritic change after curettage, cryosurgery and
cementation performed 4 years previously for a giant-cell tumor of the proximal tibia. We reconstructed the knee joint. This procedure
included cement removal, alignment correction by tibial osteotomy, subchondral bone reconstruction by autologous bone transplantation,
and filling the defect after removing the bone cement by elongating the diaphysis using the Ilizarov apparatus.
Results: Distraction was terminated 4 months later when 54 mm of elongation was performed. All devices were removed 12 months after the
surgery. Seventeen months after the removal of the apparatus, the range of motion of the right knee was 0° extension and 110° flexion, and
the patient was able to walk without pain.
Conclusions: Although the treatment period is long and there may be some complications of Ilizarov lengthening and distraction
osteogenesis, this procedure has numerous benefits. Bony defects can be soundly reconstructed and, at the same time, the alignment of the
knee can be corrected. Also it is not necessary to reconstruct the ligaments because the insertions are intact. If osteoarthritis progresses,
a surface type total knee replacement can be performed, not constrained type prosthesis, which would be used if the bony structure had not
been reconstructed. This procedure may be one of the candidates for reconstructing such knee joints destroyed by bone cement. © 2002
OsteoArthritis Research Society International. Published by Elsevier Science Ltd. All rights reserved.
Key words: Giant-cell tumor, Cementation, Osteoarthritis, Ilizarov osteogenesis.Introduction
Because giant-cell tumors of long bone are often aggres-
sive and their recurrence rate is about 30%, treatment has
ranged from curettage to an en bloc resection and is still
controversial1–3. Curettage followed by packing with bone
cement for a giant-cell tumor is widely accepted because
the recurrence rate is lower due to the heat in the polym-
erization of the cement, which is thought to necrotize
remaining tumor cells, and because of low cost, ease of
use, and immediate structural stability4. However, the appli-
cation of this method should be prudent because of the risk
of long-term osteoarthritis (OA) when cement is placed in
proximity to articular cartilage5,6.
This paper describes the biological reconstruction of
a 31-year-old woman’s knee joint which showed OA402change after curettage and packing with bone cement for a
giant-cell tumor of the proximal tibia performed 4 years
previously. This procedure included cement removal,
alignment correction by tibial osteotomy, subchondral bone
reconstruction by autologous bone transplantation, and
filling the defect after removing the bone cement by
elongating the diaphysis using the Ilizarov apparatus.Case report
A 26-year old woman was first examined in a clinic in
April 1994. She reported that she had had severe pain in
the right knee just after jumping down from a place about
60 cm high. A radiographic evaluation revealed a fracture in
the subchondral bone of the proximal articular surface of
the right tibia. Adjacent to the fracture, a large, well delin-
eated, lucent tumor of the proximal epiphysis of the right
tibia that was consistent with the diagnosis of a benign
giant-cell tumor was noted (Fig. 1). Her right leg was fixed
in a cast and she was referred to another institution. At that
institution, a giant-cell tumor by biopsy was diagnosed.
Surgery was performed 52 days after the fracture to allow
time for the fracture to heel.Received 10 May 2001; revision requested 13 September 2001;
revision received 23 October 2001; accepted 31 December 2001.
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joint. Fracture lines in the subchondral bone of the tibia
were observed. Then, curettage of the tumor, cryosurgery
and packing with bone cement were performed [Fig. 2(a)].
Partial weight-bearing 1.5 months later and full weight-
bearing 3 months later were permitted.
She felt continual pain around the right knee even after
the surgery. In March 1995, she began to feel pain around
the distal end of the cement in the right tibia, and started totake pain-killers every day. A radiographic evaluation 11
months after the surgery revealed narrowing of the joint
space [Fig. 2(b)]. These changes gradually progressed.
We first examined the patient in September 1998, 4
years and 3 months after the primary surgery. The range of
motion of the right knee was −10° during extension and
120° during flexion. There was small hydroarthrosis. The
knee was expanded with hard tissue and a varus deformity
was observed. A radiographic evaluation revealed expan-
sion of the proximal epiphysis of the right tibia and a varus
deformity due to the inclination of joint surface of the
proximal tibia [Fig. 2(c)]. The femoro-tibial angle (FTA)
during non-weight-bearing was 185°. Magnetic resonance
imaging showed discontinuity in the articular cartilage
and/or subchondral bone both in the tibial and femoral joint
surfaces. No sign suggesting recurrence was observed.
We removed the cement and performed biological
reconstruction of the knee joint to prevent the progression
of joint destruction in December 1998. First, we observed
the knee joint by arthroscopy. The cement protruded into
the knee joint through the subchondral bone and articular
cartilage in both the medial and lateral condyles of the tibia,
which shaved off the contralateral articular cartilage of the
femur (Fig. 3). Then, we developed the anterior portion of
the proximal tibia. We found a defect of the cortical bone in
the antero-medial area of the proximal tibia 3 cm in width
and 4 cm in length. We crushed and removed the cement
from the defect. This was a very difficult procedure and took
a long time because a meticulous technique was required
to prevent destruction of the remaining cortical bone (Fig.
4). The FTA was 188° after the removal of cement. Four
1.8 mm diameter Kirschner-wires (K-wire) were inserted to
cross each other in the plain parallel to and 1 cm distal from
the inclined proximal articular surface of the tibia. An
Ilizarov ring was fixed to the K-wires. Two distal rings were
used to fix the distal part of the tibia with two wires and two
half pins for each ring, parallel to the distal articular surface
of the tibia (Fig. 5). At the distal end of the cortical bone
defect, about 7 cm distal from the knee joint, the tibia was
cut axially. About 1 cm proximal to the primary cut, aFig. 1. A-P radiogram of the right knee just after severe pain
occurred. Fracture in the proximal subchondral bone of the tibia
and a radiolucent area in the epiphysis adjacent to the fracture can
be observed.Fig. 2. A-P radiogram of the right knee: (a) just after curettage and packing with bone cement. (b) 11 months after the primary surgery.
(c) 4 years and 3 months after the primary surgery.
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bone was removed to facilitate sliding of the distal tibia into
the proximal tibia. About 10 cm distal from the knee joint,
the fibula was dissected about 1 cm in length to facilitate
the movement of the distal part of the tibia. Autologous
bone from the ilium was placed in the cavity of the proximal
tibia to close the two holes open to the knee joint and to
sustain the subchondral bone. Then, the distal part of the
tibia, in which the proximal end was covered with a block
of apatite- and wollastonite containing glass ceramic
(Nihondenkigarasu Co, Ltd, Otsu, Japan), was placed by
sliding into the cavity (the defect after the removal of the
cement) of the proximal part of the tibia to hold the
transplanted bone (Fig. 5). We corrected the inclined proxi-
mal tibial articular surface by making the proximal ring
parallel to the others (about 13° of correction). Post-
operative non-weight-bearing FTA was about 175°. The
attachments of the patellar and collateral ligaments were
intact. The diaphysis of the tibia and fibula were cut axially
between the distal two rings. The devices for distraction
were installed between the two distal rings, and the surgery
was terminated.
One week after the surgery, distraction was initiated at
0.25 mm twice daily (Fig. 6). Distraction was terminated
4 months later when 54 mm of elongation was performed,
which dissolved the leg length difference. Partial weight-
bearing 3 months after the surgery and full weight-bearing
6 months after the surgery were permitted. Afterwards,
maturation of the bone in the extended division and bone
union of the proximal tibia were observed by radiography
and 6 months later (12 months after the surgery) all devices
were removed. Now, 17 months have passed since the
removal of the apparatus. The range of motion of the right
knee was 0° extension and 110° flexion, and she was able
to walk without pain (Fig. 7).
The subject had given informed consent. This study
was carried out in accordance with the World Medical
Association Declaration of Helsinki.Fig. 3. Photograph of the right knee joint during arthroscopy at the
time of reconstruction.Fig. 4. A-P radiogram of the right knee during surgery just after
removing the proximal part of the cement. A large defect can be
observed in the proximal epiphysis of the tibia. The distal part of
the cement could not be removed from the cortical defect. We
removed this after the axial cut of the tibia.Fig. 5. Line drawing of the surgery of the tibia. Left: Just after
removing the cement, the cavity and the defect of the cortex are
shown. Center: Small parts of the tibia and fibula were resected,
and three Ilizarov rings were fixed. Right: The distal part of the tibia
was placed into the defect of the proximal tibia and the inclination
of the proximal articular surface was corrected. The tibia and
fibula between the distal two Ilizarov rings were osteomize for
elongation.
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We were able to biologically reconstruct the knee joint
that had been destroyed by the curettage and packing with
bone cement by the following procedure: removing the
bone cement, correcting the alignment by tibial osteotomy,
reconstructing the subchondral bone using autologous
bone grafts, and filling the defect after removing the cement
by sliding the distal part of the tibia into the proximal part
followed with distraction osteogenesis. Filling with autolo-
gous bone graft is another option for this patient. However,
because the defect was so large, supplementation with
calcium hydroxyapatite ceramic or with allografts was nec-
essary. Calcium hydroxyapatite ceramic does not have
substantial mechanical integrity in large defects with corti-
cal defects7. This patient refused to undergo allografts.
Transplantation of the autologous vascularized fibula may
be another method. Although we knew that a vascularized
fibula would grow and become biomechanically strong, we
did not select this transplantation because of the technical
difficulty and insufficient rate of bony union8. Using our
method, we could correct the alignment of the knee joint
securely and could reconstruct bone defects soundly.
The complications of Ilizarov lengthening and distraction
osteogenesis include pin-track infections, osteomyelitis,
neurovascular injuries, joint contractures, and psycho-
logical problems. The breakage of K-wires in the proximal
tibia happened twice. We removed them and inserted new
wires with local anesthesia. Although the duration of
the treatment was long (elongation was 54 mm and theduration was 1 year), we were able to reconstruct the knee
joint to function very well.
Tsuchiya et al. reported good results using distraction
osteogenesis as the primary treatment for a giant-cell
tumor in the proximal tibia9. Because they removed the
cortical bone adjacent to the tumor to prevent recurrence,
they had to reconstruct the patellar ligament. In our patient
that was not necessary because the cortical bone and
the insertions of the ligaments were preserved. Because
4 years had passed since the primary surgery and because
there were no signs of recurrence, it was not necessary for
us to remove the adjacent cortical bone. Another difference
was that they had to perform a second surgery, whereas we
did not. They filled the defect of the proximal tibia with the
segment removed from the diaphysis (the length of tibia
was preserved). Thus, a gap was generated between the
segment and the distal tibia. They filled that gap by distrac-
tion osteogenesis, and after elongation ended they
removed the fibrous tissue and transplanted autologous
bone to facilitate a bone union at the docking site. However,
we did not have to perform a second surgery because we
had shortened the length of the tibia and then elongated.
Because articular cartilage had already been destroyed
to some extent, knee pain may possibly occur in future
even though we reconstructed the bony structure. Twenty-
three months have passed since full weight-bearing was
permitted, but the patient is pain free and joint destruction
did not progress. It is possible that this patient will be free of
pain for a long period, possibly 10 years or more, because
the meniscus and peripheral articular cartilage remain and
because the alignment is good. Even if OA progresses, we
can perform a surface type total knee replacement, not
constrained type prosthesis, which would be used if we had
not reconstructed the bony structure.
Total knee replacement using a constrained type pros-
thesis or arthrodesis may be another option for such a
patient. However, it is not recommended in young active
patients because loosening cannot be avoided in a con-
strained type prosthesis and the loss of function is great in
arthrodesis.
In our patient, joint destruction was observed radio-
graphically as early as 11 months after the primary surgery,
and only 4.5 years had passed before the second surgery
due to joint destruction. The reason for such a rapid
destruction is thought to be due to the protrusion of the
cement into the knee joint. The subchondral bone was thin
after the removal of tumor, and cryosurgery which was
carried out during the first operation could have injured
the thin subchondral bone and the articular cartilage of the
joint.
It was reported that cryosurgery in the treatment of
giant-cell tumor had advantages of low recurrence rate,
joint preservation and excellent functional outcome. It was
also reported that cryosurgery was associated with injury to
the adjacent rim of bone, cartilage and soft tissues and that
the fractures were noted to occur in up to 17% of patients
treated with this method10. The use of cryosurgery should
be prudent when remaining bones are thin.
In our patient, it is conceivable that some cement dough
could have extruded through open fracture site into the
joint at the time of the first operation. The thin subchondral
bone may have collapsed allowing the progression of joint
destruction. The subchondral bone should have been
soundly reconstructed before cementation. It might have
been better to perform the anatomical reduction of the
fracture and fixation with screw after curettage. A layer of
autologous bone grafts should have been placed beneathFig. 6. A-P radiogram of the right knee with the apparati. About
30 mm of elongation was performed, and slight bone formation
was observed.
406 S. Wakitani: A case reportFig. 7. A-P (left) and lateral (right) radiograms of the right knee 10 months after removing all apparati. The distraction osteogenesis is
completed in slightly valgus alignment. In the proximal part of the tibia, we can observe bone union. This patient walked freely for 17 months
but no deformity progressed.
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tumor cavity incorporating the metal screw.
Curettage and packing with bone cement for a giant-cell
tumor is a useful procedure. However, we have to apply
it after reconstruction of subchondral bone of the joints
when the strength of the preserved subchondral bone was
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